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ABSTRACT
We have investigated the Unruh effect in Anti de-Sitter (AdS) spacetime by examining the response
function of the Unruh-DeWitt particle detector. In any general D dimensional (D > 2) AdS, there
are two distinct timelike paths any accelerated observers can take. However for scalar field the
Unruh radiation remain independent of the path while in the case of fermions it is path dependent.
Nonetheless, such discrepancy goes away in the vanishing limit of the AdS curvature.
Keywords Anti De Sitter · Unruh radiation · Statistics inversion.
The Unruh effect describes a phenomenon where uniformly accelerated observers with constant proper acceleration
observe a thermal bath of particles in the no particle/vacuum state of inertial observers [1–3]. Although this
phenomenon was initially discovered for flat spacetime, this has been extended to spacetimes with curvature and
cosmological horizon [1, 4] as well. In curved spacetime, interesting relations are noted between Unruh temperature
and cosmological constant Λ. For example, in de Sitter (dS) spacetime, a comoving detector has a thermal response at a
temperature referred as the Gibbons-Hawking temperature, T =
√
Λ/3
2pi [4–7]. Following these developments, Deser
and Levin [8] explained further the Unruh effects in maximally symmetric curved spacetimes, i.e. de Sitter and Anti
de Sitter (AdS) space time using the Global Embedding Minkowski Spacetimes (GEMS) approach [9–11] and their
relations to black hole physics [12]. Now the special feature in Minkowski space is that it has a unique vacuum. This is
not, in general, a property of curved spacetimes. In order to understand the Unruh effect better in curved spacetime
Unruh and Dewitt [13–15] constructed a concept of particle detector in order to examine the Unruh radiation1. The
early [16] and late [17] time physics of Quantum fields in curved spacetimes with a cosmological constant has been
studied extensively. For example, inflation is one of the most exciting early universe models. A quasi dS solution
describes very well an inflationary phase. Most of the inflationary scenarios are approximately dS space and can be
modelled by giving the Hubble parameter a mild time dependence. On the other hand, it is now well accepted that
the late-time behavior of our universe is one of accelerated expansion. dS spacetime also mimics such accelerated
expansion and has direct applications in late time cosmology and particle physics, unlike the spacetimes with negative
cosmological constants such as AdS.
Significant progress has been achieved in obtaining the four dimensional dS solutions [18–21] from more
fundamental theories of quantum gravity such as string theory, but several other subtleties relating quantum corrections
and finite entropy [22, 23] still need more attention [24]. So we need to carry out further investigations to answer them,
but in this article we will instead focus on gravity solutions with a negative cosmological constant. On the other hand,
1Historically there were other constructions before it, for example reference [13]. See chapter 3 of ref. [13] and [3] for more a
detailed description of particle detectors.
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AdS solutions are much better understood in string theory than dS solutions. They provide a unique prescription for
understanding quantum gravity theories from a holographic perspective and for studying strongly coupled quantum
field theories [25, 26]. More precisely the AdS/CFT correspondence dictates that the theory of quantum gravity in
asymptotically AdSD+1 spacetime is dual to an ordinary CFTD without gravity. These dualities between strong
and weak coupling play an important role in the current paradigm of string and quantum field theories, although
explicit demonstrations of such dualities exist only for a limited number of cases. One precise explicit example of such
holographic principle is the duality between type IIB string theory on AdS5×S5 andN = 4 super Yang-Mills in four
dimensions. Using such strong/weak dualities, strongly coupled quantum field theories are much better understood. The
study of the Unruh effect in holographic duality has been discussed in different contexts including quark dynamics [27],
Brownian motion [28], entanglement entropy [29], black holes [30], holographic complexity [31], casimir effect [32]
etc. Therefore it is important to understand the features of quantum field theory and thermality in AdS spacetimes.
Indeed, it has already been shown in ref. [33, 35] that in AdS spacetime thermality arises in the free field
case when acceleration is above the mass scale of the AdS curvature. The more general case of interacting fields
has been reported in ref. [36, 37]. Calculating the response function of the detector is much harder in AdS than in
flat spacetimes. Explicit computations are available for the detector response function in D dimensional Minkowski
spacetime where a peculiar trend of ”inversion of statistics” has been noticed in odd dimensions for linearly coupled
detectors with a scalar field [35]. This means the detector response function for scalars due to uniform acceleration takes
the form of Fermi-Dirac distribution instead of a Bose-Einstein distribution. Following Sewell’s result [38], Takagi [39]
has shown this kind of behaviour for a free field and Ooguri [37] concluded the arguments for the interacting theory.
In the case of Dirac fields in Minkowski spacetime, Louko and Toussaint [40] proved that uniformly accelerated
detectors detect Bose-Einstein distributions in any dimension D. Based on the Unruh effect observed by accelerated
detectors, several construction of quantum heat engine [41, 42] have been proposed for flat space. One important thing
to note here is that AdS spacetime has a boundary, in Poincare coordinate (1) it is given by taking z → 0. So we may
consider an accelerated observer either in the x − t plane or the z − t plane. Jennings [35] has studied features of
inversion of statistics of scalar fields linearly coupled to uniformly accelerated detectors in the z − t plane of AdS
spacetime. In this article, we first extend the results of ref. [35] for scalar fields by considering acceleration in both the
z − t and x− t planes separately and also consider more general non-linear coupling between the scalar field and the
detectors (6). We examine the effect of nonlinear coupling on the statistics inversion and scalar response function
in AdS spacetime. Finally we elaborate on the scenario for Dirac fields for both type of paths in (11) and (13). We
find that for uniform acceleration the detector response function of the scalar field is independent of path, while the
fermionic detector response is surprisingly path dependent. When we take curvature k → 0 limit, the distinct response
functions for different paths coincide with each other (figure 7). Finally we conclude the article with some remarks and
future prospects we would like to pursue.
1 Scalar field in AdS
We first study a real scalar field Φ in D dimensional AdS spacetime which is conformally coupled to gravitational
background. Here we are considering the AdS metric in Poincare coordinates but we can take any other coordinates
system such as global coordinates. The AdS metric in Poincare coordinate,
ds2 =
1
k2z2
(dt2 − dx21 − dx22 − ...− dx2D−2 − dz2) (1)
Here k is the curvature of the spacetime and related to the negative cosmological constant through |Λ| = k2(D −
1)(D − 3)/2 and Ricci scalar R = −D(D − 1)k2.
The action we are interested is-
S0 =
1
2
∫
dDx
√
|g|[gµνOµΦOνΦ + ζRΦ2] (2)
For conformally coupled scalars to gravity we can choose [3],
ζ =
D − 2
4(D − 1) (3)
The corresponding eq of motion is,
(OµOµ +
D − 2
4(D − 1)R)Φ(x) = 0 (4)
2
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We can identify the Klein Gordon wave operator from the above equation,
KGx =
(
gµν∂µ∂ν − D − 2
z
∂z − k2D(D − 2)
2
)
(5)
Consider the detector coupled to a real scalar field Φ, through the following interaction Lagrangian. Also, the total
action of the system is2,
Lint = cm(τ)Φn[x(τ)] (6)
S = S0 + Sint + Sdetector (7)
where, n is any positive integer. m(τ) is the detector’s monopole moment and c is a small coupling constant. Choosing
n = 1 gives us usual DeWitt detector [35]. The two point correlators can easily be obtained in the following form,
GAdSD(x, x
′) = 〈0|Φ(x(τ))Φ(x(τ ′)) |0〉 = CD
(
1
(v − 1)D/2−1 −
1
(v + 1)D/2−1
)
(8)
where,
CD = k
D−2Γ(D/2− 1)
2(2pi)D/2
,
v =
z2 + z′2 + (x− x′)2 − (t− t′ − i)2
2zz′
. (9)
As a result,
KGx GAdSD(x, x′) =
1√|g|δd−1(x− x′)δ(z − z′), (10)
as expected3. The detector moves along the worldline x(τ) in the D-dimensional AdS spacetime with constant
acceleration. We can take the path along the z − t plane or in x− t plane. For our current discussion we are taking
constantly accelerated paths. In AdS spacetime any timelike path with constant acceleration a can be categorized in
three ways [35] depending upon AdS curvature k-
(i) sub critical paths (a¡k),
(ii) critical paths (a=k),
(iii) super critical paths (a¿k).
We are considering the super ctitical paths as only these paths results in non zero response function for the
detectors [35]. Beside this, in AdS spacetime we can take timelike trajectories in two distinct directions, along the x− t
plane or the z − t plane. An example of super critical path along z − t plane is given in ref. [35],
t(τ) =
a
ω
eωτ , z(τ) = eωτ , x1 = x2 = x3 = . . . = xD−2 = 0. (11)
We can also define a path like this in the x− t plane4,
z(τ) = z0 , x
1(τ) =
z0k
ω
cosh(ωτ) , t(τ) =
z0k
ω
sinh(ωτ) , x2 = x3 = . . . = xD−2 = 0. (12)
Here ω =
√
a2 − k2, z0 is a constant and τ is the proper time. Using eq. (9) we find that ν is same for both types of
supercritical paths.
ν(τ, τ ′) =
a2
ω2
− k
2
ω2
cosh(ω∆τ − i). (13)
Following eq. (8), the two point function for uniform acceleration (in any path) becomes,
GAdSD(∆τ) =
ωD−2Γ(D2 − 1)
(4pi)
D
2
[
1
iD−2 sinhD−2(ω∆τ2 − i)
− 1
(sinh
(
A+ (ω∆τ2 − i)
)
)
D
2 −1(sinh
(
A− (ω∆τ2 − i)
)
)
D
2 −1
]
(14)
2Readers can go through ref. [35] for further description of Sdetector .
3We have used the subscript x just to identify that we are taking derivative with respect to a variable x.
4See the appendix to find out such path also results in constant acceleration.
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Using the time translation invariance we can define the transition probability rate or detector’s response function (per
unit time) for interaction Lagrangian (6) of scalars [3],
F (n)AdSD =
∫ ∞
−∞
d∆τe−iE∆τG(2n)AdSD(∆τ) (15)
Here, G(2n)AdSD(τ − τ ′) = 〈0| : Φn(x(τ)) :: Φn(x(τ ′)) : |0〉 is the 2n correlator. For n = 1 we obtain the response
function defined in Jennings [35], where the correlator becomes the two point correlator, i.e. the Wightman function.
It is well known that KMS condition implies detailed balance and thermality [35]. But just like Minkowski
spacetime, the fact that the KMS condition holds for Anti-de Sitter spacetime does not specify the shape of the response
spectrum for a particle detector but it can dictate us if the response function is proportional to Bose Einstein or Fermi
Dirac distribution. We will describe the situation briefly. Let us think of a worldline x(τ) generated by the timelike
vector ∂t over which a quantum field φ[x(τ)] is considered. If the correlator G of the field obeys,
G(∆τ + iβ) = (−1)2sG(∆τ), (16)
then s = 0 and s = 12 dictates periodic and anti-periodic respectively with β being the inverse temperature. The
response function is basically the Fourier of the correlator. Consequently if one takes the Fourier transform of the
correlation function it becomes proportional to the Bose/Fermi distribution depending upon the periodic or anti-periodic
condition respectively,
Gˆ ∝ 1
eβE − (−1)2s . (17)
For more detailed discussion, interested readers are asked to look at [35] and page 6 of ref. [41]. Following such
argument we can now claim the following-
Proposition 1: The detector response function of massless scalar fields coupled to the detector according to eqn.
(6) for any constant accelerated path in x− t or z − t plane for (D ≥ 2) dimensional AdS spacetime defined is
equal to
- Bose-Einstein distribution (for even d and any n).
- Bose-Einstein distribution (for odd d and even n).
- Fermi-Dirac distribution (for odd d and odd n).
multiplied by another function dependent upon energy and temperature.
Therefore we see that an inversion of statistics occurs in AdS spacetime for the third case. We now proceed to prove the
statement.
Proof: In order to examine the proposed claim we investigate the KMS condition. The (2n)-point function G(n) (x˜, x˜′)
is related to the the Wightman function in the following way by Wick’s theorem [44],
G
(n)
AdSD
(x, x′) = (n!) [GAdSD (x.x
′)]n . (18)
So, the 2n correlator becomes,
G
(n)
AdSD
(∆τ) = (n!)CnD
(
ω√
2k
)n(D−2)[
1
iD−2 sinhD−2(ω∆τ2 − i)
− 1
(sinh
(
A+ (ω∆τ2 − i)
)
)
D
2 −1(sinh
(
A− (ω∆τ2 − i)
)
)
D
2 −1
]n
. (19)
This expression can be expanded using binomial series to the following form
G
(n)
AdSD
(∆τ) = (n!)CnD
(
ω√
2k
)n(D−2) n∑
α=0
(
n
α
)(
1
iD−2 sinhD−2(ω∆τ2 − i)
)n−α
( −1
(sinh
(
A+ (ω∆τ2 − i)
)
)
D
2 −1(sinh
(
A− (ω∆τ2 − i)
)
)
D
2 −1
)α
. (20)
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Figure 1: Contour C for ID,n,α
.
We rewrite the expression in the following form,
G
(n)
AdSD
(∆τ) = (n!)CnD
(
ω√
2k
)n(D−2) n∑
α=0
(
n
α
)
(−1)α
ip
GD,n,α(ρ) (21)
where
GD,n,α(ρ) = (sinh(ρ− i))−p(sinh(A+ (ρ− i)))−q(sinh(A− (ρ− i)))−q (22)
ρ =
ω∆τ
2
(23)
p = (n− α)(D − 2) (24)
q = α(
D
2
− 1). (25)
Hence,
GD,n,α(ρ+ ipi) = (sinh(ρ+ ipi − i))−p(sinh(A+ (ρ+ ipi − i)))−q(sinh(A− (ρ+ ipi − i)))−q
=
(
(−1) sinh(ρ− i))−p((−1) sinh(A+ (ρ− i)))−q((−1) sinh(A− (ρ− i)))−q
= (−1)−p−2q(sinh(ρ− i))−p(sinh(A+ (ρ− i)))−q(sinh(A− (ρ− i)))−q
= (−1)−n(D−2)GD,n,α(ρ) (26)
Now we can simply check the periodicity of G(n)AdSD ,
G
(n)
AdSD
(∆τ +
2pii˙
ω
) = (n!)CnD
(
ω√
2k
)n(D−2) n∑
α=0
(
n
α
)
(−1)α
ip
GD,n,α(ρ+ ipi)
= (n!)CnD
(
ω√
2k
)n(D−2) n∑
α=0
(
n
α
)
(−1)α
ip
(−1)nDGD,n,α(ρ)
= (−1)nDG(n)AdSD (∆τ) (27)
In the case any of d or n (or both) is even the KMS condition is periodic and we will have we will have usual bosonic
distribution. According to Jennings [35] for odd dimension the inversion of statistics happen but we have found a
counterexample in the case n is even. So for odd d but even n we will have periodic KMS relation and as a result no
inversion of statistics happen. But we will always have antiperiodic condition G(n)AdSD (∆τ +
2pii˙
ω ) = −G(n)AdSD (∆τ) for
odd n in odd dimension.
1.1 Detector response function for even dimensions
For any D odd or even, p is always an integer for any n which is always integer as well. But when D is odd, q could be
non integer which in turns create branch cut and this integral becomes notoriously difficult to do [35]. In this section we
5
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calculate the detector response function for any n in even dimension. On substituting the (2n)-point function (19) in
the expression (15) we get that,
F (n)AdSD =
∫ ∞
−∞
d∆τe−iE∆τCnD
(
ω√
2k
)n(D−2) n∑
α=0
(
n
α
)
(−1)α
ip
GD,n,α(ρ)
= CnD
(
ω√
2k
)n(D−2) n∑
α=0
(
n
α
)
(−1)α
ip
∫ ∞
−∞
2
ω
d
(ω∆τ
2
)
e−i
(
2E
ω
)
ω∆τ
2 GD,n,α(ρ)
= CnD
(
ω√
2k
)n(D−2) n∑
α=0
(
n
α
)
(−1)α
ip
2
ω
∫ ∞
−∞
dρe−iΩρ GD,n,α(ρ)
(28)
where Ω = 2Eω . Finally, denoting the integral,
FD,n,α =
∫ ∞
−∞
dρ e−iΩρ GD,n,α(ρ). (29)
This integral has poles of order p and q all along the imaginary axis at the points ρ = i(−2mpi) and ρ = i(−2mpi)±A
respectively with m ∈ Z.
Now for integer values of p and q, we define a closed contour integral ID,n,α where the contour C is given in figure 1.
This contour contain a pole located at ρ = i ≈ 0 and ρ = i±A.
ID,n,α =
∮
C
dρ e−iΩρ GD,n,α(ρ)
=
∫
C1
+
∫
C2
+
∫
C3
+
∫
C4
dρ e−iΩρ GD,n,α(ρ).
(30)
The integral for contour C2 and C4 vanishes because denominator goes to infinity. However, for contour C3 we get
∫
C3
dρ e−iΩρ GD,n,α(ρ) =
∫ ρ=−∞+i(+pi)
ρ=∞+i(+pi)
dρ e−iΩρ GD,n,α(ρ)
=
∫ σ=ρ−ipi=−∞+i
σ=ρ−ipi=∞+i
dσ e−iΩσeΩpi GD,n,α(σ + ipi)
(31)
Putting this into eq. (31), we obtain that,∫
C3
dρ e−iΩρ GD,n,α(ρ) =
∫ σ=−∞+i
σ=∞+i
dσe−iΩσeΩpi(−1)n(D−2)GD,n,α(σ)
=
−eΩpi
(−1)n(D−2)
∫ σ=∞+i
σ=−∞+i
dσe−iΩσGD,n,α(σ)
=
−eΩpi
(−1)n(D−2)FD,n,α.
(32)
Finally, we get the relationship between eq. (29) and (30),
FD,n,α =
ID,n,α
1− eΩpi
(−1)n(D−2)
=
−(−1)n(D−2)ID,n,α
eΩpi − (−1)n(D−2) (33)
So the expression for ID,n,α can be found using contour integration,
6
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Figure 2: Behaviour of detector response functions in (a) F (1)AdS4 and (b) F
(2)
AdS4
as a function of acceleration a for
different values of energy E. Comparison of F (1)AdS4 , F
(2)
AdS4
and F (3)AdS4 for (c) E = 4 and (d) E = 8 as we change the
acceleration. In this plot we fixed AdS radius R = 1.
.
ID,n,α = 2pii× {sum of the residues at ρ = 0,±A of GD,n,α(ρ)}
= 2pii×
[
lim
ρ→0
Θ(p− 1)
Γ(p)
(
1
cosh ρ
d
dρ
)p−1
e−iΩρ
sinhq (A+ ρ) cosh (ρ) sinhq (A− ρ)+
lim
ρ→−A
Θ(q − 1)
Γ(q)
(
1
cosh(ρ+A)
d
dρ
)q−1
e−iΩρ
cosh (A+ ρ) sinhp (ρ) sinhq (A− ρ)+
lim
ρ→A
Θ(q − 1)
Γ(q)
( −1
cosh(A− ρ)
d
dρ
)q−1 −e−iΩρ
sinhq (A+ ρ) sinhp (ρ) cosh (A− ρ)
]
.
. (34)
Here, Θ(p) is Heaviside step function and Γ(p) is gamma function. Consequently, we have
F (n)AdSD =
[
n! CnD
(
ω√
2k
)n(D−2) n∑
α=0
(
n
α
)
(−1)n(D−2)+α+1
ip
2
ω
ID,n,α
]
1
e2piE/ω − (−1)n(D−2) . (35)
Thence we can find out that the KMS condition is maintained at a temperature [35],
T =
√
a2 − k2
2pi
(36)
Using (35), we can calculate explicit expression for different values of d and n. For example, we take n = 1 and D = 4
we have [35],
F (1)AdS4 =
(
E
2pi
− k
2
4pia
sin[
2E
ω
sinh−1(
ω
k
)]
)
Θ(a− k)
e2piE/ω − 1 . (37)
7
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Figure 3: Behaviour of detector response functions in (a) F (1)AdS4 and (b) F
(2)
AdS4
as a function of energy E for different
values of acceleration a. Comparison of F (1)AdS4 and F
(2)
AdS4
for (c) a = 4 and (d) a = 8 as we change the energy. In this
plot we have also set AdS radius to unity.
.
Also looking into n = 2, 3 in four dimensions,
F (2)AdS4 =
(
E
(
a2 + E2 − 4k2)
24pi3
− k
4
(
k2 − 6a2)
64pi3a3
sin
[
2E
ω
sinh−1
(ω
k
)]
−
Ek4
32pi3a2
cos
[
2E
ω
sinh−1
(ω
k
)]) Θ(a− k)
e2piE/ω − 1 . (38)
F (3)AdS4 =
1
20480pi5a5
(
15k6
(
6aE
(
6a2 − k2) cos(2E
ω
sinh−1
(ω
k
))
+
(−80a4 + 4a2 (E2 + 5k2)− 3k4)
sin
(
2E
ω
sinh−1
(ω
k
)))
+ 32a5E
(
4a4 + a2
(
5E2 − 23k2)+ E4 − 20E2k2 + 64k4)) Θ(a− k)
e2piE/ω − 1 . (39)
We can also obtain explicit expression for any n for other dimensions that d = 4 but we concentrate on d = 4 at this
moment. Let us examine the effect of non linearity on F (n)AdS4 in four dimensions with n = 1, 2 and 3. We first show
the relation between detector response function and acceleration. In figure 2 (a) and 2(b) we plot F (1)AdS4 and F
(2)
AdS4
separately with respect to a for different energy E. As expected we find out when acceleration is increased and as a
result temperature is enhanced more particles are detected in the detector. Same trend is also noted for any F (n)AdS4 .
It should be noted that there is a a difference in between the particle content deduced through the ”clicking” of any
detector and the usual notion of Fock-space of particle content [33–35]. In the most general case these approaches
differ from each other for the most general trajectory but coincides for a constantly accelerated observer [33–35]. Next
8
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Figure 4: Characteristics of four dimensional detector response function in flat spacetime with n = 1 as (a) a function
of energy with different acceleration and (b) as a function of acceleration with different energy. Comparison on the
effects of non-linearity on FMin4 as function of (c) energy and (d) acceleration.
in 2 (c) and 2 (d), we have compared how the F (n)AdS4 with n = 1, 2 and 3 changes with acceleration and energy. We
can see both at energy E = 4 and E = 8 detector response grow linearly with temperature with n = 1. On the other
hand with n = 2 and n = 3 we see FAdS4 changes in a non-linear fashion as we increase the acceleration. We have
also seen the same pattern for other values of n that, as we increase n the detector response changes more drastically
with temperature. Next we analysed the response function with energy in figure (3). We can see that for any constant
acceleration a the detector detects fewer particles with higher energy. Detector response function in AdS spacetime
also depends upon the AdS radius R = 1k with k being the curvature of the spacetime. Putting curvature k → 0 in the
correlation function (35). Taking the limit k → 0 of our Wightman function for AdS one can obtain the two Wightman
function in Minkowski spacetime (see eq. (21) of ref. [35]). As a result we can recover the response function for
D-dimensional Minkowski spacetime. We can carry out the calculation by simply calculating only α = 0 term in
equation (35). Thus, for both even or odd D dimensions we obtain the response function in Minkowski spacetime,
F (n)MinD =
(
(−a)D−2Γ(D/2− 1)
(4pi)D/2 iD−2
)n
×
2pii×
[
lim
ρ→0
−1
Γ(n(D − 2))
(
1
cosh ρ
d
dρ
)n(D−2)−1(
e−iΩρ
cosh (ρ)
)]
n!
e2piE/a − (−1)nD . (40)
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Using (40) we can also acquire explicit expression D = 4 and n = 1, 2 and 3 as well,
FMin4,1 =
E
2pi
1
e2piE/a − 1 (41)
FMin4,2 =
E
(
a2 + E2
)
24pi3
1
e2piE/a − 1 (42)
FMin4,3 =
E
(
4a2 + E2
) (
a2 + E2
)
640pi5
1
e2piE/a − 1 (43)
Following the previous example of AdS spacetime we also have plotted the dependence of response function on
temperature and energy. In ref. [41] detector response function for quadratic and linear scalar coupling is well studied
but we have a general formula from which one can study detector response for arbitrary non-linearity in Minkowski
spacetime. Interested readers can follow the link at [45] in order access the mathematica file. One can just obtain the
exact expressions of the detector response using it for any n using eq. (35) and (40) in AdS and flat spacetime as well.
2 Dirac field in AdS
Turning our attention towards Dirac fermions in AdS spacetime coupled to background gravity, the action is-
S0 =
∫
dDx
√
|g|ψ¯ /Dψ, (44)
Here we choose a local Lorentz frame (vielbein) which is defined as,
eaµ =
δaµ
kz
, (45)
such that
gµν = e
a
µe
b
νηab, (46)
depicts the spacetime metric in eq. (1). Here Latin letters a, b corresponds to local orthonormal coordinates and Greek
letters µ, ν signifies the spacetime coordinates, both of them run from 0 to D− 1. Also ηab = diag(+1,−1, ... ,−1) is
the local flat metric. Moreover,
eµae
b
µ = δ
b
a,
eµae
a
ν = δ
µ
ν . (47)
Now, the curved space Γ matrices and the covariant derivatives are defined as,
Γµ = eµaγ
a,
Dµ = ∂µ +
1
2
ωbcµ Ωbc (48)
γa are flat spacetime gamma matrices. Here Ωbc is commutator between γ matrices,
Ωbc =
1
4
[γb, γc] (49)
and the spin connections ωbcµ are given by [3],
ωabµ = e
aλ
(
∂µe
b
λ − Γαµλebα
)
(50)
and, Γνσµ are the Christoffel symbols related to AdS spacetime metric eq. (1). Here Γ
µ and γa satisty the following
Clifford algebra,
{Γµ,Γν} = 2gµνIND×ND
{γb, γc} = 2ηbcIND×ND . (51)
with,
ND =
{
2
D
2 D is even
2
D−1
2 D is odd.
(52)
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The Dirac operator takes the following form in AdS [26],
/Dx ≡ eµaγa
(
∂µ +
1
2
ωbcµ Ωbc
)
=
(
Γµ∂µ − D − 1
2z
Γz
)
(53)
See Appendix A for full derivation 5. We are considering the DeWitt detector coupled to the Dirac field via the
Lagrangian [40, 41],
Lint = cm(τ)ψ¯(x(τ))ψ(x(τ)) (54)
where c is coupling constant and m(τ) is the detector monopole moment operator as previous section. We can
decompose the ψ field in positive and negative frequency part.
ψ(x) = ψ+(x) + ψ−(x). (55)
The Wightman functions of the fermionic feld are,
S+ab(x, y) = 〈0|ψa(x)ψ¯b(y) |0〉 (56)
S−ab(y, x) = 〈0| ψ¯b(y)ψa(x) |0〉 (57)
We know the detector response function of fermions (per unit time) for interaction Lagrangian is given by [3],
JAdSD (E) =
∫ ∞
−∞
d∆τe−iE∆τS(2)D (∆τ) (58)
where,
S
(2)
D (∆τ) = S
(2)
D (x(τ), x(τ
′))
= 〈0| : (ψ¯a(x(τ)))ψa(x(τ))) :: (ψ¯b(x(τ ′)))ψb(x(τ ′))) : |0〉
= Tr[S+(x, x′)S−(x′, x)] (59)
is 4-points correlator of Fermionic field. See eq. (B12) in reference [41] for more details. As we know Dirac operator
acting on a propagator S+ gives,
/DxS
+(x, x′) =
1√|g|δD(x− x′)I (60)
when x 6= x′. We can simply identify S+ as the following-
S+(x, x′) =
√
z′
z
(
/D +
Γz
2z
)
GAdSD(x, x
′) (61)
so that,
/DxS
+(x, x′) = /Dx
(z′
z
) 1
2 [ /Dx +
1
2z
Γz]G(x, x′)
=
(z′
z
) 1
2
(
KGx
)
G(x, x′)I
=
1√|g|δD(x− x′)I (62)
See appendix C for detail where the steps in between equation (62) are well described. Also,
S−ab(x, x
′) = 〈0| ψ¯a(x)ψb(x′) |0〉 . (63)
Now we can check the KMS condition for S(2)D (x(τ), x(τ
′)) which will determine the statistical behavior of the
detector response function. We now claim the following.
Proposition 2:
The detector response function of Dirac fields coupled to the detector according to equation (58) for any constant
accelerated path in x− t or z− t plane for d ≥ 2 dimensional AdS spacetime is equal to Bose Einstein distribution
for any dimension d, multiplied by some function dependent upon energy and temperature.
5For similcity in notation we are going to use z for xD−1 and the index µ = z instead of µ = D − 1.
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Proof:
Re-writing the fermion propagator as,
S+(x, x′) =
√
z′
z
(
(Γµ∂µu)G
′
AdSD(x, x
′)− D − 2
2z
ΓzGAdSD(x, x
′)
)
(64)
Here G′AdSD(x, x
′) is defined in the following way-
G′AdSD (x, x
′) =
∂GAdSD(x, x
′)
∂u
=
2pi
k2
GAdSD+2(x, x
′) (65)
with u = ν − 1. Therefore,
u = −ηαβ(x
α − x′α)(xβ − x′β)
2zz′
. (66)
Also,
Γµ∂µu = γ
aeµa∂µ
(− ηαβ(xα − x′α)(xβ − x′β)
2zz′
)
= γa(kz)δµa
(ηµν(xν − x′ν)
zz′
− uδ
z
µ
z
)
= k
(γµηµν(xν − x′ν)
z′
− uγz). (67)
Next we put eqn. (67) to eqn. (64) to obtain,
S+(x, x′) = −k
√
z′
z
(
γµηµβ(x
β − x′β)
z′
G′AdSD (x, x
′)− γz(uG′AdSD (x, x′) + D − 22 GAdSD (x, x′))
)
(68)
For massless case one can further deduce [39],
S+ab(x, x
′) = S−ab(x, x
′). (69)
Using eqn. (68) and (69) we can write,
S+(x, x′)S−(x′, x) = 2k2uG′AdSD (x, x
′)2I+ k2
(γαγz
z′
− γ
zγα
z
)
ηαβ(x
β − x′β)G′AdSD (x, x′)
(
uG′AdSD (x, x
′)
+
D − 1
2
GAdSD (x, x
′)
)− k2(uG′(x, x′) + D − 1
2
GAdSD (x, x
′)
)2I. (70)
Finally taking the trace.
S
(2)
D (x, x
′) = Tr[S+(x, x′)S−(x′, x)]
= Ndk
2
[
2uG′AdSD (x, x
′)2 + f(z, z′)G′AdSD (x, x
′)
(
uG′AdSD (x, x
′) +
D − 1
2
GAdSD (x, x
′)
)
−
(
uG′AdSD (x, x
′) +
(D − 1)
2
GAdSD (x, x
′)
)2]
(71)
where,
f(z, z′) =
z
z′
+
z′
z
− 2 (72)
In deriving the above equations we have used the following identities-
γµγν + γνγµ = 2ηµνIND×ND ,
T r[γνγµ] = NDη
µν .
We can observe the following for any of the constant accelerated paths-
GAdSD (∆τ +
2pii˙
ω
) = (−1)DGAdSD (∆τ), (73)
G′AdSD (∆τ +
2pii˙
ω
) =
2pi
k2
GAdSD+2(∆τ +
2pii˙
ω
) = (−1)DG′AdSD (∆τ), (74)
u(∆τ +
2pii˙
ω
) =
k2
ω2
(
1− cosh (ω(∆τ + 2pii˙
ω
)− i)) = u(∆τ). (75)
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Having the perodicity/anti-periodcity property of GAdSD (∆τ), G
′
AdSD
(∆τ) and u(∆τ), we can now examine the
KMS property of S(2)D (∆τ). Next we focus on the accelerated path in the x− t plane. We note that from eqn. (12) we
have z = z′ = z0. Hence, for such a path-
f(z, z′) = 0. (76)
As a result from (77) we can write,
S
(2)
D (∆τ) = Ndk
2
[
2u(G′AdSD (∆τ))
2 −
(
uG′AdSD (∆τ) +
(D − 1)
2
GAdSD (∆τ)
)2]
. (77)
Finally we can conclude that,
S(2)D (∆τ +
2pii˙
ω
) = S(2)D (∆τ) (78)
In the case of accelerated path in z − t plane-
f(∆τ) =
eωτ
eωτ ′
+
eωτ
′
eωτ
− 2
= 2 coshω∆τ − 2, (79)
which implies
f(∆τ +
2pii˙
ω
) = 2 cosh
(
ω(∆τ +
2pii˙
ω
)
)− 2 = f(∆τ) (80)
Finally, combining equations (73)-(75) and (80) into (77), we can deduce that for the z − t plane-
S
(2)
D (∆τ +
2pii˙
ω
) = S
(2)
D (∆τ). (81)
So for both of the paths in z − t or x− t plane we can find out that S(2)D (∆τ) is periodic and thus justifying our claim
for fermionic detector response function.
2.1 Detector response function of Fermionic field for even dimensions
For any accelerated path the fermion two point function can be written simply
S
(2)
D (∆τ) = Ndk
2
[
8piu
k4
(
GAdSD+2(∆τ)
)2
+ f(∆τ)
2pi
k2
GAdSD+2(∆τ)
(
2pi
u
k2
GAdSD+2(∆τ)
+
D − 1
2
GAdSD (∆τ)
)
−
(
2pi
u
k2
GAdSD+2(∆τ) +
D − 1
2
GAdSD (∆τ)
)2]
(82)
Now the detector response function for fermions can be written using (58) and (82),
JAdSD (E) =
∫ ∞
−∞
d∆τe−iE∆τNdk2
[
8piu
k4
(
GAdSD+2(∆τ)
)2
+ f(∆τ)
2pi
k2
GAdSD+2(∆τ)
(
2pi
u
k2
GAdSD+2(∆τ)
+
D − 1
2
GAdSD (∆τ)
)
−
(
2pi
u
k2
GAdSD+2(∆τ) +
D − 1
2
GAdSD (∆τ)
)2]
(83)
Rewriting the above expression in the following way,
JAdSD (E) = Ndk2
∫ ∞
−∞
d∆τe−iE∆τ
9∑
j=1
(
ω2
2k2
)2pj+qj
(−1)2pjQj(z)Rpj ,qj (∆τ) (84)
where,
Rpj ,qj (∆τ) =
(
sinh
(
ω∆τ
2
− i
))−2pj (
sinh
(
A+ (
ω∆τ
2
− i)
))−qj (
sinh
(
A− (ω∆τ
2
− i)
))−qj
. (85)
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and
Q1(z) = (D − 1)2/2 + χCDCD+2 (D − 1) Q2(z) = −χCDCD+2 (D − 1) f(z)/2
Q3(z) = −2χ2C2D+2(f(z) + 4) Q4(z) = χ2C2D+2(f(z) + 2)−Q2(z)
Q5(z) = Q6(z) = −χ2C2D+2 − χ(D − 1)CDCD+2 − (D − 1)2/2 Q7(z) = (−2)Q4(z) +Q2(z)
Q8(z) = −Q1(z)− 2Q5(z) Q9(z) = Q4(z) + 2Q8(z)
(86)
Also note that, χ = 2pi/k2. Moreover, in the following table we have listed all the values for pj , qj for j = 1 ... 9.
j 1 2 3 4 5 6 7 8 9
pj D/2− 1 D/2 0 D − 1 D − 2 0 D/2− 1 D/2− 2 0
qj D/2− 1 D/2− 1 D 0 0 D − 2 D/2 D/2 D − 1
Following the similar path as scalar theory, we can proceed further for fermions. Using (85) we further simplify
expressions,
JAdSD (E) = Ndk2
9∑
j=1
(
ω2
2k2
)2pj+qj
(−1)2pj+1JD,pj ,qj . (87)
With,
JD,pj ,qj =
2
ω
∫ ∞
−∞
dρe−iΩρQj(ρ)Rpj ,qj (ρ) (88)
where, ρ = ω∆τ/2 and Ω = 2E/ω. Choosing the contour as before we obtain (see figure 1),
JD,pj ,qj = −
2
ω
× ID,pj ,qj
eΩpi − 1 (89)
where,
ID,pj ,qj = 2pii× {sum of the residues at ρ = 0,±A of Qj(ρ)Rpj ,qj (ρ)}
= 2pii×
[
lim
ρ→0
Θ(2pj − 1)
Γ(2pj)
(
1
cosh ρ
d
dρ
)2pj−1 e−iΩρQj(ρ)
sinhqj (A+ ρ) cosh (ρ) sinhqj (A− ρ)+
lim
ρ→−A
Θ(qj − 1)
Γ(qj)
(
1
cosh(ρ+A)
d
dρ
)qj−1 e−iΩρQj(ρ)
cosh (A+ ρ) sinh2pj (ρ) sinhqj (A− ρ)+
lim
ρ→A
Θ(qj − 1)
Γ(qj)
( −1
cosh(A− ρ)
d
dρ
)qj−1 −e−iΩρQj(ρ)
sinhqj (A+ ρ) sinh2pj (ρ) cosh (A− ρ)
]
.
(90)
And the detector response function takes the following form,
JAdSD (E) = Ndk2
9∑
j=1
(
ω2
2k2
)2pj+qj 2
ω
(−1)2pj+1 ID,pj ,qj
eΩpi − 1 . (91)
We now have the expression for fermion response function in AdS spacetime. As before we have plotted the four
dimensional response function in figure (5) and (6) as a function of energy and temperature, respectively. We have
noticed an amazing contrast in fermionic detector response function compared to the scalar case. surprisingly there
is a difference in the response function depending on whether the constant acceleration is in the x− t plane or in the
z − t plane. The root of such discrepancy comes out clearly from the two point function (82). They clearly defer
because as its clear from eq. (79) and (76) that f(∆τ) is path dependent. As a result when we choose a specific uniform
accelerated path, either eq. (11) or eq. (12) the corresponding two point function become different. Hence, the resulting
Fourier transform of the corresponding two point functions become non-identical to each other. In figure (5) and (6) we
denote JAdS4,x and JAdS4,z to express response function for uniform acceleration in x− t and z− t plane, respectively.
As we can see quite clearly see from figure (5) and (6) that the JAdS4,x differ more in the high temperature and low
energy region compared to JAdS4,z .
We now take the flat space limit k → 0 to examine the behaviour of fermionic detector response. It should reproduce
the existing flat space results [40] for fermionic detector response once we take such a limit. We can replace the z
variable in a suitable way in AdSD metric to obtain,
ds2 = e−2ky
(
dt2 − dx21 − dx22 − ...− dx2D−2
)− dy2. (92)
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Figure 5: Plot of fermion detector response functions with energy (E) for different values of acceleration a. Plot (a)
denotes acceleration through x− t plane while, plot (b) signifies acceleration in z − t plane. Finally, we compare the
response function for specific value of a = 8 (plot c) and a = 10 (plot d). We used k = 1 as well in figure (5).
.
Now in k → 0 the metric becomes flat. If we use this limit it is easy to observe that for small k, ν ≈ 1 + (k2w2)/2 or
u = ν − 1 ≈ (k2w2)/2 where
w = (y − y′)2 + (x1 − x′1)2 + ...+ (xD−2 − x′D−2)2 − (t− t′ − i)2. (93)
So we can determine the limiting value of S(2)D (x, x
′) when k → 0. Focusing on the first term,
lim
k→0
NDk
22u(G′AdSD )
2 = lim
k→0
NDk
2 2u
4pi2
k4
G2AdSD+2
= lim
k→0
NDk
2 2
k2w2
2
4pi2
k4
× lim
k→0
G2AdSD+2
= 4pi2NDw
2G2MinD+2 . (94)
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Figure 6: Plot of fermion detector response functions with temperature (a) for different values of energy E. Plot (a)
denotes acceleration through x− t plane while, plot (b) signifies acceleration in z − t plane Finally, we compare the
JAdS4,x and JAdS4,z as a function of a, for specific value of energy, namely E = 8 (plot c) and E = 12 (plot d).
.
For the second term we can proceed to find out it vanishes when we take vanishing k limit,
lim
k→0
NDk
2f(z, z′) G′AdSD (x, x
′)
(
uG′AdSD (x, x
′) +
D − 1
2
GAdSD (x, x
′)
)
= ND lim
k→0
f(z, z′)k2
2pi
k2
GAdSD+2(x, x
′)
(
k2w2
2
2pi
k2
GAdSD+2(x, x
′) +
D − 1
2
GAdSD (x, x
′)
)
= ND lim
k→0
(
eky
eky′
+
eky
′
eky
− 2
)
× 2piGMinD+2(x, x′)×
(
piw2GMinD+2(x, x
′) +
D − 1
2
GMinD (x, x
′)
)
= 0 (95)
Finally the third term of S(2)D (x, x
′) also goes to zero, when we take k → 0. In conclusion, we acquire-
lim
k→0
S
(2)
D (x, x
′) = 4pi2NDw2G2MinD+2
= 4pi2NDw
2
(
Γ(D/2)
4piD/2+1wD
)2
= ND
(Γ(D/2))2
Γ(D − 1)
Γ(2D/2− 1)
4pi(2D/2−1)+1w2D−2
= ND
(Γ(D/2))2
Γ(D − 1) GMin2D . (96)
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Figure 7: Comparison of detector response functions as a function of energy E for JAdS4,x and JAdS4,z where (a)
k = 1.5, a = 6 (b) k = 0, a = 6 (c) k = 1.5, a = 8 (d) k = 0, a = 8. In the vanishing curvature limit JAdS4,x andJAdS4,z coincides with each other for any a.
Therefore we accurately obtain the main result (theorem 1) of [40], including the factors. The theorem states that, in
Minkowski spacetime the detector response function of an uniformly accelerated detector coupled quadratically to a
massless Dirac field in Minkowski vacuum in D > 2 equals the scalar response function of a detector coupled linearly
to a massless scalar in Minkowski vacuum in 2D spacetime dimensions times factor of ND
(Γ(D/2))2
Γ(D−1) . Once we take the
Fourier transform of (96) we obtain the same conclusion easily understandable from (96). Lastly we focus on the path
dependence of fermionic detector response in AdS spacetime. As we take k tends to zero, such path dependence should
disappear from JAdSd . We notice from figure (7) that, JAdS4,x and JAdS4,z completely coincide when curvature goes
to zero for different acceleration. The same trend is noticed when we examine the detector response as a function of
acceleration with different energy.
3 Concluding remarks
In this article we have analysed detector response function of an accelerated detector with constant acceleration moving
in x − t or z − t timelike path. For both bosonic and fermionic fields following the sub-critical and critical paths
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accelerated particle detector does not manifest any response. But once we have acceleration greater than the curvature,
we have a non zero response function while the KMS condition holds at temperature, T =
√
a2−k2
2pi . The consequence
of introducing non linearity in the interaction Lagrangian between scalar field and detector is also clear from our
investigation. While in the usual linear interaction we have detector response of fermionic signature in odd dimensions
it is not in general true for any n in (6). Only for odd n in odd dimensions we will have Fermi-Dirac contribution in the
response function. Nonetheless nonlinearity also alters the shape and characteristics of the response function in even
dimensions as clear from figure (1) - (4). We have also explored the fermionic Unruh effect in AdS for the first time in
this article. There is no distinction noticed for scalar response if the detector follow path (11) or (12). However a clear
difference is noticed for detector response of fermionic fields. The difference arises when we do the trace over eq.
(59). Interestingly just like flat spacetime, fermion response function also depends upon Bose Einstein distribution in
AdS spacetime. This is simply because Unruh-DeWitt detector is coupled to the fermionic field quadratically in the
interaction Lagrangian. However in the zero curvature limit, the quadratically coupled fermionic detector’s response
is exactly similar to that of a detector coupled linearly to a massless scalar field in 2D-dimensional Minkowski as
expected [40]. Thus we can obtain the known result of flat space detector response function for both scalars [41] and
fermions [40] in the zero curvature limit.
There are several topics we are focusing immediately including but not limited to-
(a) We are employing numerical techniques to study the response function in AdSD (odd D) as closing the
contour of (15) for such case is not known6 (figure 1). Also we are looking for some advanced techniques to
solve such Fourier transform analytically. Finally we can directly utilize the obtained results in this article to
design the Unruh heat engines [41, 42] in AdS. The present literature on Unruh heat engines are based upon
flat spacetime and deals with linear and quadratic interactions. On the other hand our detector response is for
AdS and also is valid for any n. We can also reproduce the flat spacetime result for any n in the vanishing curvature limit.
(b) Our current study is focused upon the vacuum response of a particle detector in Anti-de Sitter spacetime
where we considered non interacting fields (just coupled to background gravity). In ref. [47] a path integral formalism
was developed by Unruh to show that for a large class of interacting scalar and spinor field theories in Minkowski
spacetime, an accelerated observer sees a thermal spectrum of particles. We ought to extend the results for interacting
theory in AdS spacetime using path integral formalism .
(c) Finally it has been suggested that De Sitter space can be included in the fundamental landscape of string
theory by considering it not as a vacuum but as a coherent state over a Minkowski vacua [20,23]. But this is not the only
motivation to consider dS as a coherent state because treating dS as a vacua imposes quite a lot of problem in the field the-
ory structure [3]. Instead taking dS as a coherent state will naturally cure a many of the shortcomings like supersymmetry
breaking, finite entropy, cosmological constant problem etc. However it is still not clear how a detector detects a thermal
response at Gibbons Hawking temperature, TdS from a coherent state configuration. We are focusing on that at this stage.
(d) Finally we would like to understand better the strongly coupled field theories using gauge gravity duality
dictionary. There should be a simple realization of statistics inversion from the CFT side utilizing Parikh and
Samantray’s approach of Rindler-AdS/CFT [48].
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A Dirac Operator in AdS Space
We start with D dimensional AdS spacetime metric in Poincare coordinates 1. Here, µ, ν run from 0 to D − 1, where
x0 = t and xD−1 = z. The Christoffel symbols-
Γαβσ =
1
2
gαλ
(
∂βgλσ + ∂σgβλ − ∂λgβσ
)
= −gαλ
(
δzβgλσ
z
+
δzσgλβ
z
− δ
z
λgβσ
z
)
=
1
z
(
gαzgβσ − δασ δzβ − δαβ δzσ
)
. (97)
Now the spin connections in eqn. (50) become-
ωabµ = e
aλ
[
∂µ
( δbλ
kz
)− Γαµλebα]
= eaβg
βλ
[
− δ
z
µe
b
λ
z
− e
b
α
z
(
gαzgµλ − δαλ δzµ − δαµδzλ
)]
=
gβz
z
(
ebµe
a
β − eaµebβ
)
. (98)
Finally, the Dirac operator is defined as /D = γaeµa [∂µ +
1
2ω
bc
µ Ωbc] where γ
b are a set of ND × ND matrices and
Ωbc = 14 [γ
b, γc] [27]. We can simplify ωbcµ Ωbc to
1
2γbγcω
bc
µ by using anti-symmetric properties of both ω
bc
µ and Ωbc.
Now for D dimensional AdS space the Dirac operator becomes
/D = γaeµa [∂µ +
1
4
gβz
z
(
ecµe
b
β − ebµecβ
)
γbγc]
= γaeµa∂µ +
gβz
4z
γaeµae
c
µe
b
βγbγc −
gβz
4z
γaeµae
b
µe
c
βγbγc
= γaeµa∂µ +
gβz
4z
ebβγ
cγbγc − g
βz
4z
ecβγ
bγbγc
= γaeµa∂µ +
gβz
4
ebβγ
c 2ηbc − g
βz
4z
ebβγ
cγcγb − g
βz
4z
ecβγ
bγbγc
= γaeµa∂µ +
gβz
2z
ebβγb −
gβz
2z
Debβγb
= Γµ∂µ +
gβz
2z
Γβ − g
βz
2z
DΓβ
= Γµ∂µ − D − 1
2z
Γz (99)
In deriving the above equations we have used some identities involving gamma matrices, for example, γbγc =
(2ηbc − γcγb) and γaγa = DI.
B x-t path
Here we show that the path in the x− t plane considered in (12) actually results in uniform constant acceleration. The
components of the acceleration can be written as,
a(0) =
d2t
dτ2
+ 2Γ00z
(
dt
dτ
)(
dz
dτ
)
= z0kω sinh (ωτ) (100)
a(1) =
d2x1
dτ2
+ 2Γ11z
(
dx1
dτ
)(
dz
dτ
)
= z0kω cosh (ωτ) (101)
a(z) =
d2z
dτ2
+ Γzzz
(
dz
dτ
)2
+ Γz00
(
dt
dτ
)2
+ Γz11
(
dx1
dτ
)2
= −z0k2 (102)
a(2) = a(3) = ... = a(D−2) = 0 (103)
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Finally the magnitude of acceleration a becomes
|a| = √−aµaµ = √− (g00(a(0))2 + g11(a(1))2 + gzz(a(z))2) = a (104)
We have used the connection coefficients from appendix A. A point to note that we can not set z0 = 0 to obtain a finite
uniformly accelerated path.
C Fermionic correlator
Here we show the detailed calculation of fermionic propagator.
/DS+(x, x′) = /D
(√
z′
z
[ /D +
Γz
2z
]GAdSD (x, x
′)
)
=
(
Γµ∂µ − D − 1
2z
Γz
)(√z′
z
[Γν∂ν − D − 1
2z
Γz +
Γz
2z
]
)
GAdSD (x, x
′)
=
√
z′
z
(−Γµδzµ
2z
+ Γµ∂µ − D − 1
2z
Γz
](
Γν∂ν − D − 2
2z
Γz
)
GAdSD (x, x
′)
=
√
z′
z
(
Γµ∂µ
(
Γν∂ν − D − 2
2z
Γz
)− D
2z
ΓzΓν∂ν +
D(D − 2)
2z2
ΓzΓz
)
GAdSD (x, x
′). (105)
Thence,
Γµ∂µ
(
Γν∂ν − D − 2
2z
Γz
)
= Γµ∂µ(Γ
ν)∂ν + Γ
µΓν∂µ∂ν − D − 2
2
Γµ∂µ(
Γz
z
)− D − 2
2z
ΓµΓz∂µ
= Γµ
δzµΓ
ν
z
∂ν + Γ
µΓν∂µ∂ν − D − 2
2z
ΓµΓz∂µ
= ΓµΓν∂µ∂ν − D
2z
ΓµΓz∂µ + 2
gµz
z
∂µ. (106)
In eqn. (106) we have used ∂µΓν = Γνδzµ/z which also implies that ∂µ
(
Γz/z
)
= 0. Finally we put the results from
eqn. (106) to eqn. (105) and use some properties of delta function [46],
/DS+(x, x′) =
√
z′
z
(
ΓµΓν∂µ∂ν − D
2z
ΓµΓz∂µ + 2
gµz
z
∂µ − D
2z
ΓzΓν∂ν +
D(D − 2)
2z2
gzz
)
GAdSD (x, x
′)
=
√
z′
z
(
ΓµΓν∂µ∂ν − D
2z
(
2gµz
)
∂µ + 2
gµz
z
∂µ +
D(D − 2)
2z2
gzz
)
GAdSD (x, x
′)
=
√
z′
z
(
gµν∂µ∂ν − D − 2
z
∂z − k2D(D − 2)
2
)
GAdSD (x, x
′)I
=
(z′
z
) 1
2
(
KGx GAdSD (x, x′)
)
I
=
1√|g|(z′z ) 12 δD−1(x− x′)δ(z − z′)I
=
1√|g|( z′z1 + z′ ) 12 δD−1(x− x′)δ(z1)I (here, z1 = z − z′)
=
1√|g|(z′z′ ) 12 δD−1(x− x′)δ(z1)I
=
1√|g|δD−1(x− x′)δ(z − z′)I
=
1√|g|δD(x− x′)I
(107)
Therefore we can conclude that (60) is the correct propagator.
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